Abstract. A 2-month-old cockatiel was evaluated for diarrhea, dyspnea, and death. Histologic examination of lesions in the crop mucosa revealed hyperkeratosis and the presence of blastoconidia and hyphae. Positive immunohistochemical staining of the organisms was achieved with an antibody directed against Candida spp. Polymerase chain reaction amplification of DNA from crop lesion material with internal transcribed spacer 2 (ITS2) primers yielded fragments of approximately 300 bp, which demonstrated 95% DNA homology with the corresponding sequence from a strain of Candida parapsilosis deposited in the GenBank data base. The Candida species in the lesion of the crop mucosa was therefore identified by DNA sequence analysis as C. parapsilosis. Candida spp. are frequently encountered human and veterinary pathogens causing mucosal and invasive candidiasis. 3, 7 The specific instance of avian crop candidiasis is either a primary or secondary infection most often due to infection with Candida albicans, Candida krusei, or Candida tropicalis. 2, 5 The present study describes the molecular diagnosis of Candida parapsilosis in crop lesions of a cockatiel. Candida parapsilosis is rarely isolated from the crop of birds, 6 and its infection in a cockatiel has not been previously reported.
Histologic examination was conducted on tissues from various anatomic sites in a 2-month-old cockatiel with a history of diarrhea and dyspnea. Pulmonary abscesses and proliferative enteritis in the small intestine were detected by standard light microscopic examinations with hematoxylin and eosin-stained sections. Periodic acid-Schiff staining confirmed fungal invasion in the hyperkeratotic crop mucosa (Fig. 1) .
Therefore, the tissue sections prepared by first fixing the crop in 10% neutral buffered formalin and paraffin-embedding were cut in 4-m-thick sections, deparaffinized, rehydrated, and rinsed in phosphate-buffered saline (PBS). Sections were then incubated for 10 minutes in 3% (v/v) hydrogen peroxide-methanol solution to block endogenous peroxidase activity. After washing in PBS, sections were incubated with 2% (w/v) casein to block nonspecific antibody binding. Next, sections were incubated in a 1:200 dilution of peroxidase-conjugated rabbit anti-Candida albicans immunoglobulins. a This antiserum is known to cross-react with other Candida spp.
After incubation for 2 hours at room temperature, the slides were rinsed in PBS and then reacted with 3,3Ј-diaminobenzidine (DAB) b solution for 5 minutes. The DAB solution used was 3 mg DAB/ml of Tris-HCl buffer, at pH 7.0, also containing 0.03% hydrogen peroxide. Counterstaining was accomplished with Mayer hematoxylin.
DNA was extracted from the paraffin-embedded tissue of Brief Communications crop lesions as follows: First, sections were deparaffinized in microcentrifuge tubes by adding 1.5 ml of xylene and heating at 55 C for 15 minutes. The tissue was centrifuged at 12,000 ϫ g for 1 minute and, after 2 additional deparaffinization steps, was resuspended in 1.5 ml of absolute ethanol at room temperature. After centrifugation, the tissue was digested at 37 C for 16 hours with 100 g of proteinase K in 400 l of a lysis buffer containing 0.1 mM EDTA, 0.1% sodium dodecyl sulfate (SDS), 10 mM Tris hydrochloride (pH 8.0), and 0.3% 2-mercaptoethanol. High molecular weight DNA was obtained from the sample by phenol and chloroform extraction. The DNA samples were dissolved in TE buffer (10 mM Tris-hydrochloride, pH 8.0, and 1 mM EDTA) and were subjected to polymerase chain reaction (PCR) amplification. Genomic DNA samples were amplified by PCR in a reaction mixture (30 l) containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 200 mM of each deoxynucleoside triphosphate, 1.0 unit of Taq polymerase, c and 0.5 mg of a pair of primers. The sequences of the primers for internal transcribed spacer 2 (ITS2) according to previous methods 6 were ITS4 primer, 5Ј-TCC TCC GCT TAT TGA TAG C-3Ј; ITS86 primer, 5Ј-GTG AAT CAT CGA ATC TTT GAA C-3Ј. The PCR amplification was carried out for 30 cycles consisting of template denaturation (1 minute at 94 C), primer annealing (2 minutes at 52 C), and polymerization (3 minutes at 72 C). The PCR products were electrophoresed through a 2% agarose gel, and the gel was then stained with ethidium bromide. The PCR products from the specimen were gel purified, and then they were cloned into a pCRII vector. d The plasmid DNAs from more than 3 clones of each species were extracted with the QIA-GEN plasmid kit e and sequenced in a DNA sequencer f by the dideoxy chain termination.
Yeast cells and hyphae in the crop mucosa stained strongly with antiserum against Candida species (Fig. 1) . The results of histopathologic and immunohistochemical analyses concluded that the fungus detected in lesions was a Candida species.
Amplification of DNA from the fungal cells in lesions with ITS2 primers yielded fragments of approximately 300 bp in length, consistent with the previously reported sizes of ITS2 DNA gene sequences from fungal species. 6 The ITS2 DNA nucleotide sequences of the fungal cells from the cockatiel crop mucosa showed 95% similarity with that of a C. parapsilosis sequence deposited in the GenBank data base (accession no. C. parapsilosis U10989). 4 Moreover, the specimen's ITS2 DNA gene sequence was less than 83% similar to that of the following Candida species in the GenBank data base: accession nos. C. albicans L28817; C. dubliniensis AB035590; C. fermentati AB032175; C. krusei L11350; C. stellatoidea L47114; C. tropicalis L47112. Therefore, the fungus found in the crop lesion was considered to be C. parapsilosis.
In the present study, the yeast in a crop lesion of a cockatiel was identified by immunohistochemical and molecular analyses; however, cultured examination was not carried out. Candida parapsilosis is frequently isolated from vaginitis, dermatitis, and fungemia in humans and animals, 3 but it has not been reported from a crop infection in a cockatiel. However, Graves et al. 1 reported an outbreak of human chronic ambulatory peritoneal dialysis (CAPD) peritonitis due to C. parapsilosis acquired from pigeons. Therefore, since the transmission of this infection from an infected cockatiel to a susceptible human is possible, prudent care should be taken whenever handling infected birds.
Crop mycosis in birds is a primary or secondary infection mostly due to C. albicans, C. krusei, and C. tropicalis. 2, 5 The crop is susceptible to Candida infection because it is a pouch-like organ containing ample nutrients for fungal growth.
The diagnosis of candidiasis depends on the demonstration of budding yeast cells and pseudohyphae (or true hyphae) in tissues and on the isolation of the causative Candida species. In the present case, histopathology and immunohistochemistry were able to identify a yeast in tissues from the infected cockatiel to the genus level but not to the species level. On the other hand, molecular identification of Candida species has been well developed in medical mycology 6 but not in the field of avian diseases. The results presented here suggest that the molecular techniques utilized in this study can rapidly identify Candida species, including C. parapsilosis, in paraffin-embedded tissues of birds. Therefore, molecular techniques are appropriate to speciate yeasts in tissues when fresh material is not available for mycological culture.
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